Regulation of body water homeostasis is critically dependent on the kidney and under the control of arginine-vasopressin (AVP), which is released from the neurohypophysis. In the collecting duct (CD) of the kidney, AVP activates adenylyl cyclase via vasopressin V 2 receptors. cAMP-dependent activation of protein kinase A phosphorylates the water channel aquaporin-2 and increases water permeability by insertion of aquaporin-2 into the apical cell membrane. However, local factors modulate the effects of AVP to fine tune its effects, accelerate responses, and potentially protect the integrity of CD cells.
in cell volume as a consequence of rapid changes in extracellular osmolality in the inner renal medulla. Increases in CD cell volume may release local factors and thus serve as a sensor of changes in plasma osmolality to accelerate AVP responses as well to maintain cell volume and integrity (see below).
As illustrated in Figure 1 , local AVP-counterregulatory factors in the CD principal cell include endothelin-1 (ET-1) (44) and prostaglandin E 2 (PGE 2 ) (10).
ET-1 is formed and released from CD cells in response to changes in osmolality (45). However, the exact mechanisms are still under investigation. ET-1 activates ET B receptors in an autocrine/paracrine fashion to reduce PKA activation (see Figure 1 ). Supporting this concept, inner medullary CD (IMCD) suspensions of CD-specific ET-1 knockout mice have enhanced AVP-and forskolin-stimulated cAMP formation and reduced plasma AVP levels (26). ET B receptor activation also stimulates cyclooxygenase 1 (COX-1) and PGE 2 formation and release (46).
The most abundant PGE 2 receptor in the CD is the EP 3 receptor subtype (38), which is a G i protein coupled receptor that inhibits AVP-induced cAMP formation in the CD (9; 10). In addition, EP 3 receptor activation inhibits PKA via PLCmediated activation of PKC (30). Of note, ET B receptors were found to be mainly localized to the basolateral membrane (46), whereas V 2 R (51) and EP 3 receptors (65) were localized to both the luminal and basolateral membrane of CD cells, which is expected to further enhance the regulatory versatility.
Over the last years, evidence is accumulating that the renal tubular and CD system releases nucleotides like ATP in response to physiological stimuli and that these nucleotides act locally to modulate transport processes (for review see (48; 74; 75) ). ATP has a short extracellular half-life of <5 min and can be broken down to form adenosine, another well-established local regulator of renal vascular and tubular function (for review see (76) ). The regulation of CD water transport by ATP and adenosine is the focus of this review.
P2Y receptors and CD water transport
P2Y receptors are heptahelical receptors, which can be subdivided into five G q -coupled subtypes (P2Y 1 , P2Y 2 , P2Y 4 , P2Y 6 , P2Y 11 ) and three G i -coupled Moreover, ATPγS stimulated PGE 2 release in freshly isolated IMCD preparations of hydrated rats, whereas the response was blunted in dehydrated rats (67).
Finally, hypervolemic conditions are associated with greater P2Y 2 receptor abundance in the renal medulla than hypovolemia (68). The purinergicprostanoid system was speculated to represent a vasopressin-independent regulatory mechanism of IMCD function (68).
To further substantiate the above pharmacological evidence, we studied aspects of renal water transport in mice lacking P2Y 2 receptors (P2Y 2 -/-) (59). How does the absence of P2Y 2 receptors affect the response to acute water loading? Acute water loading induced similar increases in urine flow rate
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and Cl e -H 2 0 in WT mice as observed in response to V 2 R blockade ( Figure 2A and C). Likewise, water loading increased urinary PGE 2 excretion ( Figure 2B ). In contrast to V 2 R blockade, however, water loading enhanced urinary ATP excretion ( Figure 3A ). In P2Y 2 -/-, the water load-induced increase in Cl e -H 2 O was similar to that in WT. However, a lesser suppression of the vasopressin and cAMP system was sufficient in P2Y 2 -/-to increase Cl e -H 2 0 to the same extent as in WT, indicating that free water excretion was actually facilitated in the P2Y 2 -/-(59). Whereas this may relate to the delivery of greater amounts of hypotonic fluid to the distal nephron in these mice, they also presented greater urinary excretion of both PGE 2 ( Figure 2A ) and ATP in response to acute water loading ( Figure 3A ).
Our unpublished work showed that treatment of WT mice with indomethacin (5 mg/kg .i.p.) 30 minutes before an acute oral water load (3% of body weight) almost completely inhibited urinary PGE 2 excretion and blunted the urine flow response in the 2 hour experimental period (Figure 2A and B). than those inside the cell) needs to be released to mediate purinergic autocrine/paracrine signaling (1; 58). Once outside the cell, ATP has a half-life of minutes due to ecto-nucleotidases and other hydrolytic activities (23).
With regard to ATP release mechanisms in the kidney, evidence has been provided for a role of a maxi-anion channel for the basolateral release of ATP from the macula densa, but the molecular nature of this channel is unknown (7).
The released ATP is converted by ecto-ATPase (54) and ecto-5'-nucleotidase -/-compared with WT. A summary of these findings is illustrated in Figure 3A . V 2 R blockade and acute water loading both increased urinary flow rate but had opposite effects on ATP excretion. We propose that (I) urinary flow rate alone is not a good predictor of urinary ATP excretion, (II) acute water loading increases ATP release, which may reflect increases in CD cell volume due to a reduction in extracellular tonicity, (III) acute pharmacological blockade of V 2 R reduces cell volume by blocking the apical water entry, thus off-setting the basal, AVP-and cell volume-induced ATP release, and (IV) urothelial cells of the lower urinary tract which were exposed to similar increases in flow rate and therefore similar distension and hypotonicity may not play a dominant role for urinary ATP excretion. A graph illustrating the proposed relationship between CD cell volume and ATP release and thus urinary ATP excretion is shown in Figure 3B .
Adenosine receptors and CD water transport
Consistent with a prominent role of A 1 R in the regulation of CD function, studies in rats and mice revealed a strong corticomedullary gradient for the 
